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1.  powon 


Tht  ihmiiI  objMtlM  of  this  work  is  to  fabricate  and  atudy 
m  integrally  eoapoood  variable  out  gy  MO  dolor  coll  sad 
determine  feht  feasibility  of  laprovlng  the  photovoltaic  poor* 
octloo  of  color  colli  through  tho  use  of  tho  variable  W  prin- 
ciplo.  Special  Mfhoola  io  pieced  oo  tho  laproweaeat  of  effic¬ 
iency,  ood  tho  photovolt  ole  performance  ot  temperatures  above 
25  *C. 

Tho  vorloblo  gap  coll  under  study  io  fabricated  fro*  too 
11I-V  ccopouDdo  -  Got  Hub  Arsenide  ood  Gallium  Phoophido  -  is 
which  ths  coll  ourfovo  io  eoapoood  principally  of  gollioa  phos¬ 
phide  forming  o  "window*1  of  higher  band  gap  energy  than  tho  gal- 
Hun  arsenide  portion  of  tho  coll*  A  specific  objective  io  to 
do toraino  tho  feasibility  of  such  o  window  as  a  naans  of  achiev¬ 
ing  higher  collection  efficiency  and  lower  sheet  resistance. 

The  principle  nethod  of  producing  the  variable  bond  gap 
window  is  by  solid  stats  diffusion*  The  epitaxial  growth  nethod 
is  included  for  study,  although  not  investigated,  as  yet* 


Galllen  phosphide  m  •  diactet*  phase  haa  ^  Pro*,c#* 

Mlii  lt«l  diffusion  Of  pfcDMlWW  i*®  *rili« 
ooMONtrOtou  of  gollioB  phoaphlde*  of  tho  order  of  90  percent, 
Imm  bean  determined  by  r-ray  analysis.  Depth*  of  50  aiecao*  bavo 
booo  obtained. 

gq^  i^ijy  of  th*  conversion  process  ho*  hoes  obtained* 
•Having  postulation  of  •  step-type  conversion  nachanlen ,  vhieh 
ft*  port  of  this  report* 

Tentative  dete  ladle atee  a  noo-Ilnaar  diffusion-conversion 
rate*  vith  rapid  rate*  initially  and  very  alow  end  ratea  for 
given  tine  of  diffualoo. 

The  diffualoo  rate  or  eooatant  for  alne  In  gallium  phoephida 
aurfaeaa  la  observed  to  ho  algnlfleantly  higher  thao  in  galllua 
•raenida  by  at  laaat  an  order  of  negnituda*  perhaps  too  or  throe 
orders  of  nagnltuda. 

Two  general  apeeiae  or  categorise  have  been  selected  as  brack* 
•ting  the  various  possible  depths*  concantratiooa,  sod  gradients  of 
variable  gap  cell*.  They  represent  very  thin  galllun  phosphide  stir 
faces*  (1  to  2  microns  deep)*  and  deep  (10  gicrons)  layer*.  They 


K!  tomi  to  oilkit  fiiti  dlooloUot  cboroctert— leo,  — poelolly 
to  opoettol  —poo—. 

If  fid— riot  ogeol  to  oio|lo  MO  otwctoto  ho—  ho—  —tot— 4 
to  tho  ohollov  of— 1—  — Hn— 4  oho—.  Iodic— lo—  of  i«P —4 
high  teoper— o  potto— oooo  tot  thlo  typo  —11  ho—  bo—  to— 4. 
Spoctrol  t— poo—  4—o  oupporto  tho  ptl— iplo  of  tho  high 

hood  gop  "vlo4o«M  oftoct  to  tho  4-p  op— loo. 

—  oloetto— tch*-olo  t—  hoi— o  protoe—  o— olio—  to fin It loo 
of  p-o  Juactlooo  ood  golll—  ph-phito  lqroro  wltho—  d-troctl— 
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A  fttf  f — uni  mi  held  at  b|lHPtete  bH«ck  Laboratories, 
m— i,  oUahoaa,  n  July  15  mi  llelu.  with  Imatmm  SchMtti, 
of  baa  Uborotorlu,  and  Him*.  W.  I.  Nriealf  and  !«•*•  I. 
of  this  laboratory.  Tba  aobjact  of  tha  coofaraoca  wa  tba  direction 
aod  a^haala  of  projected  work,  aod  tha  curraot  prograaa  of  tha  l»roat« 
igatloo.  Currant  atato  of  progress  apaelaan  colla  aara  delivered  to 
Nr.  I  charts  at  this  Meeting. 

A  aocood  coofaraoca  woo  hold  oo  Docaobor  5,  1961,  at  Bvsns  Lab¬ 
or  atorlaa  with  Mioara.  Ma  Chany.  L.  Sckwarta.  aod  J.  Naodolkoro.  of 
Bvooa  Laboratorlaa.  aod  Niaara.  W.l.  mdcalf  and  Looia  K.  ttooa  of 
Bagla-Plchsr  Conpany.  Tha  purpoao  of  tha  ooofaranca  «aa  again  tho 
curraot  prograaa  aod  d  tract  loo  of  tho  loraatlgatioo.  toother  group  of 
apoclaao  calla  was  delivered,  ad  visual  olcroacoplc  orsMlnatldn  of 
othar  apeclaana  vaa  daoooatratad.  Both  tha  aforwntioood  conferences 
vara  uaeful  ad  vary  oieb  worthwhile. 

Report a: 

Monthly  Latter-Type  reports  have  ban  aubolttad  a  or  baforo  tha 
4th.  day  of  oach  nonth  as  par  contractual  agraaoant. 

Publications: 

A  brtaf  article,  entitled  "Conversion  of  Gallluo  Arsenide  to  Oal- 
liuo  Phosphide  by  8olld  State  Diffuaton"  has  baa  submitted  as  a  Uttar 
to  tha  Editor,  Journal  of  Applied  Physics,  for  publication. 
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Tte  theoretical  katli  tor  tte  reeearch  ptrfow^  min  thto  contact 
ha*  kM  dlieuM^  U  totril  to  prmrlone  reported  Briefly  tte  »rt- 
ItoB  areonlda-talllun  pboaphida  call  would  hate  a  aurfaea  conpoead 
principally  of  gallto.  phoaphlto.  dtotolahtog  to  eooeaotrattoo  with 
tocrtaaiac  topth.  Tte  hitter  aaany  tte  lte#r  *°“ld  •ll°*  tranenieetoo 
of  lowar  enarty  photon,  to  o  topth  ooaror  tte  junction,  toproutot  eol- 
loction  and  tenea  afficiancy.  Tte  treater  dapth,  whan  diffuaad  with 
tine  aa  a  p-typa  dopant,  would  raduca  ateat  reelatance  also.  Tte  hitter 
band  tte  natarial  would  thaoratically  ahow  toprovad  high  taaparatura 
cteractarlatlca.  Baphaala  waa  placed  on  tte  danooatration  of  auch 
of  fact  a,  tocludtot  tte  "window  effect"  of  tte  tnlli»  phoophito  lpyar. 
Interest  to  tte  atatad  purpoaa  la  tte  etudy  of  the  diffuaion-comraraion 
procaaa  to  accoupllah  tte  variable  tte  atructura,  and  torlwa  cootrola 
for  auch  procaaaaa  and  lechoiquaa  which  are  required* 


Approach  to  the  Problem 


Tte  approach  to  tte  problan  todutee  the  followint: 

1.  Study  of  talllun  araonlto  cryatala  to  obtain  and  toprowe  atarttot 
natariala. 


2.  Study  of  tte  diffuaion-comraraion  procaaa  to  acconpl J!**1**)! 
variable  gap  atructura*  Thia  nacoaaarlly  enconpaceee  knowladta  and 
control  of*tha  cotrvaraion  nachanian  to  obtain  diacrata  phaaa  tdliun 
■m  ratter  than  lnteretit tolly  diffuaad  phoaphorua.  K  *leo 
lapllea  totarnination  of  tte  optinun  thickneee  and  concentration  of 
the  gallium  phoaphlto  layer* 


Study  of  the  fabrication  of  variable  say  calle,  of  cho  dealred 
atrocture,  and  of  alngla  sap  cello  aa  a  refere  so  for  coMparleoa* 
Thia  oncoapaeaea  tha  following: 

(a) .  Techniquea  of  foralng  p-n  Junction©  in  both  Cypaa  of  oella, 

with  aaphaala  la  control  of  depth,  daaalty  of  dopant,  and 
honogaaelty  of  tte  dlffuaad  layar. 

(b) .  Idaatlflcatloo  aad  aaaauraaanr  of  tha  galllaa  phoaphlda 

layar* 

(c) .  Xdaatiflcatloa  aad  aaaaurenant  of  tha  dapth  of  tha  p-o 

Junction. 

(d) .  Blactrodlas  and  contact  las  both  typo  cal  la  to  obtain  ©bale, 

low  raa&atanca  coatacta  atablo  to  taaparatoraa  of  about  200X. 

Evaluation  of  Colli* 

Tha  evaluation  of  calla  la  of  print  laportaaca.  loutlaa  analysla 
Include  tha  followlas: 

(•)•  *«*.  liC,  and  convaraloo  efficiency. 

(b) .  Spectral  raaponaa. 

(c) .  Dloda  charactarlatlca. 

(d) .  Taaparatura  coefficient •  of  V^,  Iic,  Effgp. 

Other  paraaatara  cooaldarad  also  if  leant  Include: 

(a) .  Carrier  concentration 

(b) .  Sheet  raalatance 

.  (c).  Contact  raalatance 
Evaluation  of  Starting  Material* 

It  la  conalderad  lnportant  to  aatabllab  the  effect  of  the  follow¬ 
ing  naterlal  charactarlatlca  on  cell  perforaanca: 

(a) *  Raalatlvlty 

(b) *  Mobility 

(c) .  Minority  carrier  llfetlae 

(d) *  Cryatal  orientation 

(a).  Galliim  or  araenlc  face  of  tha  cryatal* 


C.  Phoaahotua  Diffualon. 

A  aajor  affect  baa  ban  aafe  during  thta  work  parted  to  datamtea  aad 
clarify  the  involved  ia  tba  coaveroioo  of  galllua  araaolda 

to  galllua  phoaphlda  by  aolid  atata  differ  tea.  Thte  affect  wee  cafalcod 
hacauee  of  too  prtaa  faetora:  (a)  Tha  affect  of  varying  phoaphocaa  dlf- 
fealoo  echedulaa  wee  obeerved  to  cha*e  tha  photovoltaic  paraaatere  eig- 
nif leant  ly,  and  (b)  publlahad  reporta<2>caet  none  doubt  oo  tha  validity 
of  oar  x-ray  i (testification  of  dlacrata  galllua  phoaphlda  praoont. 

Tha  DaBya-Scharrar  powder  diffraction  technique  haa  baas  widely 
oaad  for  tha  daairad  datarateatlon.  Dlaadvaatagee  of  aochanlcal  renoval 
of  ouch  a  this  layer  froa  tha  aurfaca  of  a  call  wae  ovacccsa  by  teelod- 
li*  prepared  known  aim  powder  apadoana  in  the  anpoule  during  diffusion 
an  already  reported*3),  fell  data  oo  a  eeriae  of  ouch  doteraiaatteoe 
follow  in  Table  1. 


t m  I. — 

Coapoaition  of  Phoaphorua  Diffuaed  Celliua  Araeaide 
Powder,  Baaed  oo  X-Ray  Studiea. 


Saaole 

N6108  BK 

M6108  BP 

H6108BC 

new 

PFfPflLtfMi 

Tina, 

2  Houra 

20  Houra 

50  Houra 

50  Houra 

Teap.  *C, 

800*0 

800*C 

800 *C 

900 *C 

Proa aura, 

15  Ata. 

15  Atn. 

15  Ata. 

20  Atn, 

Celliua  Phoaohlde  Content  of  - 

Araenic  Rich  Phaaa, 

4.21 

38.61 

M.D. 

1.5X 

phoaphlda  "  " 

98.0X 

99.51 

86. IX 

93. IX 

Strongaat  Interaediate  Solid  Solution 

Phaaa, 

49.81 

86.11 

N.D. 

N.D. 

Galllua  Phoaphlda  Coapoaition  Calculated  of 

all  phaaea, 

50.81 

81 .4X 

85  .OX 

88. 5X 

rum  1  llluacract*  tb.  ««««•  «■<  »»«  eh***  *>  *•*  *"lM 

of  MMte  specimen*.  Thar*  la  quit*  good  corralatloo  between  tho  color 

cte«M  and  the  galliun  phosphide  content  oa  determined  by  *-wy. 


Flgura  1.  Color  Chang*  of  Phosphorus  Diffused  Gatllua  Arsenide 
Powder  as  a  Function  of  Diffusion  Schedule*. 

SosM  discussion  of  tha  x-ray  data  is  in  order.  The  pattern  of  the 
■or*  heavily  diffused  specimens  war*  normal ,  well  defined,  and  sharp.  The 
pattern  of  the  nor*  lightly  diffused  specimen,  M6108  BE,  however,  waa 
that  of  two  oajor  phases  of  similar  crystal  structure  with  edge  length* 
differing  by  only  about  0.1  A*.  This  results  in  a  repeated  pattern  of 
lines,  as  would  be  expected.  However,  the  space  between  tha  line*  of 
the  two  patterns  are  filled  with  sharply  defined  lines,  or  striae,  which 
are  very  distinct  on  the  larger  spacing*  (low  theta  angles).  These  inter¬ 
mediate  lines  come  from  well  defined  crystalline  phases,  evidently  of 
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c— p— itio—  UttnNUu  between  tta  two  nojor  phases  ttae  «  eta 
eta  eitairr  of  eta  solid  eolation  system  pro— at  is  eta  o— flo. 

Xta  11—  eeroeeurooaro  el—  of  internet.  The  11—  of  eta  pattern 
ft—  eta  are— le  rick  ota  —abet  is  very  grainy,  indicating  o  poreiolo 
•in  —  loose  —  ovdor,  porbspo  2  or  3  orders,  of  nagnltndo  grsoeor  eh— 
shoe  of  eta  — ooeh  fi— -groin  11—  ft—  eta  phosphorus  rich  sod  noohor. 

Vieh  gslllun  arsonlds  —  eta  searelng  osesrisl,  eta  phosphorus  dif¬ 
fusion-conversion  nsch— 1—  nay  ho  postulated  —  Caking  pis—  lot o  eta 
surfs—  by  a  series  of  discrete  steps.  Koch  step —old  conprlse  o  Chin 
as—  end  within  Chat  so—  it's  cooposltion  would  bo  uniforn.  At  Che 
stats  which  M6108  BE  was  prepared  at  least  five  such  son—  can  bo  ids— - 
Iflod.  Each  so—  represents  —  oquilibriuo  condition,  sin—  it  h—  o 
crystalline  structure  in  keeping  with  it's  composition.  Sin—  these 
■ones  on  thin,  their  diffraction  patter—  a—  fine-grained.  The  central 
"karoo  1"  of  each  powder  particle  of  gslllun  arsenide  nay  have  a  dla— ter 
nany  tinea  thicker  eh—  Che  thick— so  of  each  separate  so—.  Confirm- 
at  loo  of  the  presence  of  such  serl—  was  obtal— d  photographically. 
Figure  2  ill— tretes  such  strl—  in  speclnen  M6108  AA,  which  was  phoe- 
phorus  diffused  at  800*0  -  15  at— spheres,  7  1/2  hours.  In  the  cross 
Mctlon  view,  tta  white  ares  is  the  polished  gslllun  arsenide  surfs—. 
The  gslllun  phosphide  layer  lies  between  3.1  and  3.2  scale  dlvieio— • 
The  lower  Irregular  11—  at  3.2  represents  tbs  In— roost  boundary  of 
gslllun  phosphide,  as  defl— d  by  electro-etch  staining  (which  will  be 
described  later).  The  strl—  are  visible,  end  were  very  well  defined 
under  direct  microscopy. 
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Vipra  2.  Croat  Section  flow  of  Varloblo  Cop  Wafer.  Showing  Strioo. 

Hot*  vaa  aede  that  la  the  heavily  diffueed  aaabera  of  the  aeriee, 
M108  BC  aad  M6108  IH,  the  proaoaco  of  intexaedlate  phaaaa  wart  not 
fouad.  The  implication  ia  that  convert loa  occurred  all  the  vajf  to  the 
caatar  of  tha  5-aicroo  radiua  poudar  particle..  Thia  ia  ia  agraeaent 
with  aicroacopic  avidanca  of  wafara  diffuaad  aiaultanaoualy  with  tha 
powder  apeciaana  in  which  a  layer  of  galena  phosphide  10  to  15  aicrone 
thick  waa  observed  and  photographed. 


Figure  3  illuatretea  wafer  a pec loan  N6106  IH,  ia  croaa-aectioe 
after  etching  heavily  to  define  the  gelliua  phoaphlde  layer. 


Figure  3.  Croee  Section  View  of  H6106  IH  Wafer  Showing 
10-Micron  Gel llun  Phoephide  Uyer.  (500*). 


Soae  effort  waa  neda  to  define  the  diffuaion-converaion  rate. 

Teble  II  indicatea  neaaurenenta  nada  of  variable  gap  atructurea  of 


different  dlffualon  achcdulea. 


Heaaurtd  naptha  of  Gallium  Phoaphlda  Layer* 


Identity 

Phoaphorua 

.  TW«..!L 

Dlffuaion 

Pteaaure-Atn. 

TIN 

imL- 

Depth 

(Hfteraiia) 

Concentration 

IffrUL 

M6106  BE 

800*0 

15  Atnoa. 

2  Ikre. 

. T 

50.81 

M6108  AA 

800 "C 

15 

N 

7  1/2  Era. 

About  2 

75.0 

N610BBP 

800 *C 

15 

•  • 

20  Era. 

2 

81.4 

M6108  B6 

800 "C 

15 

N 

50  Bra. 

2  or  5 

85.0 

M6108BH 

900 *C 

20 

It 

50  Era. 

10 

88.0 

N6111  BE 

950*C 

20 

N 

170  Era. 

30 

>90.0 

N6111  BP 

950*C 

20 

II 

340  Era. 

50 

>90.0 

Tha  data  in  thla  table  nuet  ba  Interpreted  in  tha  light  of  tha  follow- 


ing  factor a: 

1.  Tha  coneantratioo  of  galliun  phoaphlda  appaara  to  affact  tha  atch 
raaiatanca  of  a  layer;  N6108  BE  corraspooda  to  x-r ay  data  indicating 
50  par  cant  concentration;  It  appaara  to  ba  attacked  by  tha  etchant* 
Etching  did  not  dearly  define  a  layer*  although  other  evidence 
atrongly  indicated  cuch  vaa  preaent. 

2.  The  figurea  Hated  for  N6111  BE  and  N6111  BP  are  for  the  naxlnun 
depth.  Each  uafer  had  e  highly  pollahed  face,  and  an  unpollahed 
face.  The  pollahed  fece  indicated  20  und  40  micron*.  reapectlvely, 
in  depth.  Tha  unpollahed  face  indicated  rather  large  cryatalllne 
protuberencea  grown  out  of  the  face*  apparently  tha  reault  of  nuclea¬ 
ted  epitaxial  growth.  Thla  aide  had  the  deeper  layer.  It  la  not 
known  which  (araenlde  or  galliun)  lattice  face  thla  night  repreaent. 

3.  The  number  of  apecinana  involved  la  not  atatlatlcally  large. 

4.  The  converalon  proceaa  la  known  to  be  both  preaaure  and  temper- 
ature  eenaltlve. 

The  data  doea  aupport  the  following  tentative  conduaiona: 

1.  The  initial  rate  of  dlffuslon-converalon  at  preaaurea  of  the  order 
of  15  atmoapherea,  la  very  rapid,  exceeding  the  dlffuaion  rate  of 
phoaphorua  at  atnoapherlc  preaaurea,  or  leaa,  by  aeveral  ordera  of 
magnitude. 


2.  Tt»  initial  sapid  raea  decays  were  rapidly  that  tfca  usual  anas 
faactioa  aaaoclatad  with  diffusion  processes. 

3.  Tba  avarall  diffusion  la  my  eon-linear  and  does  not  confer*  to 
the  Boltanan  nodal. 


A.  Tha  omall  depth  and  concentration  appears 

tanperature,  oaeoadarlly  upon  pcaacura,  and  thirdly  upon  tine,  la 
tha  piaasara  region  15  to  20  atnoapheree. 


It  la  iatara atiap  to  aota  that  galliua  phoaphlda  crystals  vara  fora* 


mA  at 


MO  of  aha  Mooulas  duriat  tha  longer  tine  ruaa.  Tha 


era  praparad  with  phosphorus  at  oos  and,  apaeiasaa  la  tha  eaatar,  othar 
aad  saalad  undar  aaeuua.  Coollag  la  doos  slowly,  with  tha  saalad  aad 
protruding  into  a  coolad  sons  to  caadaasa  tha  phosphorus  aad  promt 
deposits  of  alaaMotal  phosphorus  oa  tha  wafers.  At  tha  opposlta  aad  of 
tha  aapoulsa,  pura  galliua  phoaphlda  crystals  wsra  observed,  larger  in 
,1m  in  tha  loofar  than  anpoule.  This  aay  offer  a  different  technique 
of  (mini  galliua  phoaphlda  crystals  froa  tha  vapor  phase,  if  the  anp¬ 
oula  contained  a  leant*  al  galliua  instead  of  galliua  arsenide  wafers. 

Vlth  tha  objective  of  preparing  shallow  layers  of  very  high  galliua 
phoaphlda  concentration,  two  tentative  axparinents  ware  node  of  phos¬ 
phorus  diffusion  at  slightly  wore  than  30  atnoapharaa  pressure,  800*C 
for  two  hours.  Powder  speclnens  ware  included.  X-ray  patterns  ware 
poorly  defined  and  Judged  not  usable  for  calculation.  Calls  ware  ob¬ 
served  to  have  a  glass-like  file  coating.  Zinc  diffusion  resulted  in 


a  vary  thin  (estinated  of  tha  order  of  .2  uicron)  photogenerating  sur¬ 
face.  In  the  second  exparioent  the  a  ana  flla  was  noted  and  moved  prior 
to  ainc  diffusion  with  concentrated  HP  acid.  Cells  fabricated  thus  ware 
poor,  and  lacked  tha  usual  variable  gap  characteristics.  It  is  possible 


( 


1 


that  this  order  of  pressure  exceeds  tha  diaaeaoclatlau  precaore  of 
galliia  araanida  ad  lahiblts  tha  eewmla  process.  la  alternative 
uylaatia  cootcnpl ataa  tha  vapid  Conation  of  an  tif^  flla  to  pro- 
doeo  tha  ana  result.  In  tha  intocaat  of  axpadltnry,  it  was  daeidad 
to  linlt,  at  pnaant,  tha  fobrlcetioo  to  20  atnoaphatoa  pcoaaovo. 

Iha  many  poaaihlo  daptha  of  galllun  phoaphida  layers,  fort  hoc  cow- 
plaaad  by  coocantvation  variables,  required  Unit  at  loo  if  tha  invoat- 
mi  to  adhnro  to  It's  naln  objectives.  Tharafora,  it  wee  dae¬ 
idad  to  use  too  "apeeiaa*'  of  variable  gap  atructurea,  i.c.,  ona  with 
•halloo,  -«»«— *  gallium  phoaphida  layer  depth  ••  produced  by  phoiphoroe 
dftffueion  aehedulee  of  800*C  -  15  atmospheres,  2  to  10  houre,  and  the 
other  of  fairly  deep  galllun  phoaphida  structure,  «  produced  by  ached- 
ulea  of  the  order  of  900*C  -  20  atnoapherea,  2  to  50  houra.  Thaae  too 
•paclea  are  conaidared  to  bracket  the  desired  structure  for  tha  variable 

gap  call* 

D.  Zinc  Diffusion. 

Zinc  dlffualoo  as  previously  raportad^haa  bean  dona  in  tube  furnaces, 
in  mb  lent  hydrogen  atnoaphere.  Tha  apadnan  and  dopant  are  placed  in 
a  clean  quart*  boat,  which  la  retained  In  tha  tuba  external  to  tha  fur¬ 
nace  during  outgaaaing  and  heat  up.  Teoperature  la  naaaurad  by  a  quart* 
enclosed  thermocouple  inserted  In  tha  tuba  to  tha  canter  of  tha  hot  sons 
Vhen  tha  daalred  stabilized  teoperature  has  bean  attained,  the  boat  la 
■oved  to  tha  canter  of  the  hot  sons  for  tha  daalred  length  of  tine. 
Quick  cooling  la  obtained  by  removing ,  the  entire  tube  from  the  furnace. 


i 
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beat  moved  beck  to  it's  former  poelclee  end  tha  aotira  tuba  cooled  by 
evaporation.  Tha  hydrogen  atmosphere  la  maintained  until  cooled  to  room 
tanparatuto.  Arson  |M  la  uaad  for  purging. 

initial  fabrication  and  testing  of  olnfla  gap  calla  Indicated  dlf- 
fuaioo  cchadulaa  of  About  600 *C  tor  5  to  6  nlautee  proceed  satisfactory 
Junetlona  about  1-nlcroo  deep.  Spectral  roaponaa  curves  corroborated  thla 
order  of  depth.  Indicating  fairly  broad  roaponaa  In  the  blue  region, 
peaking  In  tha  .S-mlcron  wavelength  region*  Junction  depth  neaaurananta 
on  cello  with  fairly  deep  gallltaa  phoophlde  layara  (10-Microna)  repeat¬ 
edly  Indicated  tha  Junction  to  ba  at  tha  hotton  of  auch  layara*  Tha  In¬ 
dication  of  a  nore  rapid  dlffuelon  rate  of  line  In  galllun  phoaphlde  sup- 
porta  the  available  information  In  tha  literature*4). 

Table  III  indlcatea  typical  4-probe  measurements  of  both  a  ingle  gap 
end  variable  gap  calla  at  appropriate  polnta  of  fabrication.  All  calla 
had  aiallar  pollahed  aurfacea,  and  similar  diffusion  techniques. 


TABLE  III 

Typical  4-Probe  Data  of  Single  Gap  and  Variable 
Gap  Calls. 

Initial  Surface  4-Probe  Zinc 

Type  Number  4-Probe  4-Probe  ohms /a q.  ohus-aq.  Diffusion 

Cell  of  Celia  phas/aq.  After  Phoa.  Dlf.  Zinc  Plf.  Schedule 


Variable  Gap, 

4 

1000  -  1700 

6000 

5  .  650*C-10  Min. 

81ngle  Gap, 

3 

900  -  1200 

•  •  •  • 

3.5  "  "  " 

Variable  Gap, 

8 

900  -  1000 

7200 

7.5  600*C-  5  Min. 

Single  Gap, 

4 

700  -  900 

•  •  •  • 

7.5  "  "  " 

The  table  indicates  typical  increased  surface  resistance  after 
phosphorus  diffusion  and  approximately  equal  resistivities,  and 
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thmfon  ifiil  wfiea  carrier  coae«tr<ttou,  of  both  typo  cells  oft  or 
slac  ilffutoa. 

Tht  Indication  of  «  ion  rapid  diffuiloo  roe*  of  sine  la  laltlia 
phosphide  lepers  myirod  mi  experimental  comparison.  Tim  wafers  of 
similar  iitirUl,  ooo  hivii|  a  gallium  phosphide  layer  10  to  12  microns 
thick,  van  diffused  simultaneously  with  tine  at  850*C  for  10  minutes. 

As  aspect  ad,  this  produced  a  p-n  junction  10-microns  daap  la  tha  plain 
uafar,  aa  dataralaad  bp  direct  aleroicopic  — aauraint  and  bp  etch-weight 
loaa  act  bods.  Aa  electro -etch  stain  technique,  to  be  described  later, 
produced  dear  definition  of  tha  Junction.  Slnllar  measurement  of  the 
variable  gap  call  bp  both  croas -sect  loo  and  angle  lapped  nathoda  la 
Illustrated  In  Figure  4,  and  claarlp  Indicated  the  Junction  to  be  about 
20-nicrons  daap.  Positive  ldentltp  of  the  Junction  was  proved  bp  nlcro- 
aanlpulator  probing  along  the  surfaces  under  lOOx  nagnlflcatlon,  using 
tha  vertical  nlcroscoplc  illuminator  for  excitation.  Tha  sine  penetra¬ 
tion  thus  was  10-nlcrons  in  the  plain  wafer,  and  In  tha  variable  gap 
structure  was  10  to  12  nlcrons  of  galllun  phosphide  plus  about  8 -microns 
of  galllun  arsenide.  The  Indication  thus  Is  that  sine  penetrated  the 
10  to  12  ulcron  galllun  phosphide  layer  ss  easily  as  0  to  2-alcrona  of 
galllun  arssnlda. 
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rintrt  4.  Croat  Section  Vlow  of  P-M  Junction  In  Variable 

Coo  Coll.  (500x). 

The  Indication,  chart fora,  la  at  loaat  an  ordor  of  nagnltudn 
faatar  tine  dlffuaioo  la  tha  Jim*  phoaphlda  layar  than  la  gaUlu* 
or  a  an  Ida,  parhapa  two  or  thraa  ordara.  Thla  proaptad  an  affort  to 
raduca  tha  dlffualon  achadulaa  to  product  tha  Junction  within  tha 
gelllun  phoaphlda  layera.  It  wee  cooaidarad  advlaabla  to  hold  tha 
tiM  of  dlffualon  to  no  laaa  than  10  nlnutaa  Initially.  A  aarlaa  of 
dlffualona  warn  carrlad  out  with  tanparaturaa  dacroaalng  fron  600*C 
in  25 *C  atapa.  Itch  group  conalatad  of  ona  lightly  phoaphorua  dlf- 
fuaad  wafar,  ona  haavlly  dlffuaad  wafar,  and  ona  or  nora  plain  galllwi 
araan&da  wafara.  Unfortunately,  a  natarlala  variable  waa  introduced, 
aa  tha  wafara  warn  fron  different  alerting  natarlala.  Tha  raaulta  of 
thla  aarlaa  are,  aa  yat  Incomplete.  Tha  tingle  gap  celle  Indicate  a 
progreeelvely  ehallower  Junction,  with  Effmp  good  at  550  to  500#C. 
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tin  phosphorus  diffused  Milt  indicate  Inproving  Ift^  at  315*C. 

Further  discussion  •(  tilt  study  it  node  ate  tvalutlo^* 

*•  Mflaila* 

TIn  gaaersl  ocdsr  of  fabrication  tttpt  hat  kNt  reported  la  detail  la 
chi  prooedlag  wfoct^i  BtttaC tally  cha  nn  txhalfai  at  currently 
la  vN|  vttk  eeaauhat  aora  actaacloa  paid  to  daao  surfaces  ad  ohnlclty. 

F.  Cant  act  inn. 

Electrically  plated  nlckal  coot acts  art  uaad  to  concoct  cha  n-type  bulk 
aoCorlal  and  apuccarad  placloua  coataeCa  Co  cha  p-type  aurfaca.  da  re¬ 
port  ad  previously^)  aoaa  non -ohnlclty  vat  experienced  with  high  resist- 
tatty  waC trial,  aa  wall  aa  aoa-uoifexa  plating.  Tha  noo-unlforn  placing 
waa  found  Co  ha  a  notarial  charactarlatlc,  and  cha  poor  ohnlclty  Cracad 
co  tha  nickal  contact.  HaaC  traating  of  both  coot  act  a,  inherent  la  tha 
aoldar-coating  atep,  produced  good  ohartc  contacta.  Banco,  voider  coat¬ 
ing  it  now  routine. 

G.  Evaluation. 

1.  General. 

Tha  evaluation  of  tolar  calla  includes  routinely  tha  following 
procedure: 

Fhoto-paraneters,  Voct  Iec»  Eff^  are  aaaaured  under  100-nilllwatCa 
of  light  froa  a  Type  RFL-2  bulb.  Incident  light  la  flltared  through 
1-inch  ltyar  of  water  in  a  suitable  pyrex  container  and  aaaaured  with 
an  Eppley  pyrohal tone ter.  Short  circuit  currant  it  aaaaured  aa  a 
voltage  drop  across  a  1-ohn  load  resistor. 
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Diode  characteristic*  are 
and  curve  tracer  adapter, 
•adc. 


Manured,  using  a  Techtronlx  Oacllloacope 
vhen  deni red,  direct  current  plot*  are 


Spectral  reaponae  data  are  obtained  using  a  Bauach  A  Umb  Spectro¬ 
photometer  of  the  grating  type. 


2,  junction  Depth  and  Carrier  Concent ration. 


Junction  depth  measurement*  have  been  greatly  lacll itated  by  a 
technique  developed  early  in  this  work  period.  The  technique 
allow*  non-deatructive  determination  o<  p-«t  junction  and  del Jn- 
eace*  the  gallium  phoaphide  layer  sinult aneoualy.  using  the  Iln- 
ithed  cell!  The  cell  1*  oouuted  edge-wise  in  ihr  groove,  sawed  in 
a  porcelain  block,  with  one  edge  protruding  slightly.  “Ir*  ***** 
t  rode  a  arc  brought  out  the  ends  ol  tne  groove.  The  I»r«t  rudlngedg 
is  lapped  and  polished.  Figure  4  Illustrates  the  oounted.  1*1  IM 
cell.  A  potential  la  applied  across  the  cell,  poaltive  to  p  aide, 
negative  to  "n"  aide,  sufficient  to  produce  about  5  to  10  nilli 
amperes  forward  current. 


Figure  r>.  Edge-Mounted  Polished  Cell  Prepared 
for  Electro -Etch-Staining. 
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*  fra  dtom  of  NH.C1  of  oboot  4-ral.r  cuncentrit  Ion  no  pl*«h 
ih.  “»£«!  '*»  of  tho  coll  for  15  to  30  .loot...  Th.  cm  1. 
.boo  ,l»..d  corofolly  £ 

sTutsa:  fttSMi : 

junction  in  a  single  gap  cell,  angle  lapped,  under  500*  ~S»i 
f lent  ion. 


Figure  6.  P-N 


Junction  in  Angle  Upped  Single  Cap  Cell 
After  Electro-Etch-Stain.  (500*). 


Where  no  junction  1.  prenent.  the  golllun,  phosphide  1. 

and  well  defined  by  etching  in  a  solution  of  l-K0H/^n)  Z-H^ 

5-H?0  for  15  to  30  seconds.  Using  either  method,  atoro£°£** 

tnenureoent  to  .brat  l-lcron  ray  be  rad.  et  500x.  Sh.l lower  depth, 
will  require  higher  magnification  and  resolution. 

Fairly  good  correlation  has  been  observed  between  diffusion  sched¬ 
ules  and  the  time  required  to  etch  single  gap  cells  to  *«ro  ,Jor* 

circuit  current.  The  solution  used  is  1-2-5  K0H<6 detail 
H  o  at  room  temperature.  The  general  pattern  is  described  in  <-tail 
i5°a  previous  report (5).  Briefly,  the  lsc  shows  a  rapid  increase  as 
the  junction  is  approached,  decays  quickly  to  zero  as  it  is  dissolved. 


AffNdMta  deptbe 
Table  If,  til  Jr 
ccimIj  •halleii 


k«  MtiMtH  by  tiM| 
(omd  at  thn  looer  t 


ad  m  lidieiMd  la 


lU&naJ&Olfi 

I00*c*10  HUotee, 


■toll  Tlat  to  loco  IM  m  •  Venetian  of  V* 
IlM  Diffueton  foe  tlatlo  coy  Celia 


Approx.  Itch  Tine  let. Junction 
^  -  -  DaoCh 


IS 


1 .0-1.3  Mlcrooe,  Wt  Ioc^°  * 


575*C-10  Mfmtoo,  1*  Soeoodo,  .•  -  !•* 
350*C-10  HUutoo, 


S25*C-10  Minutee, 
500*010  Minutee, 
475*C-10  Minutee, 


•  geconda,  .6  -  1.0  N 
6  Seconda,  .5  -  .S  " 
4  Seconda,  Laaa  than  .5  N 
2  Seconda,  About  .1 


Bioo  to  poak  1^.  at 
4  ooconda. 

Slight  riao,  drop  at 
4  ooconda. 

Ho  riao,  drop  at 
2  oocondo. 

Mo  riao;  drop  90ft 
in  2  ooconda. 


Carrltr  MOMOtMttoo.  Im  b«.  tot™**** 

A  diaedvantage  baa  boon  obaerved  in  collo  with  ahau 

that  aochanical  puncturing  of  thn  leyera  occure  ra? 

ti»  call  Conaoauontly,  carriar  concentration  data  on  tho  noat  re 

data  indicate  that  carriar  concentration  drop*  rapidly  balon  930*C 
Siffuaon  WrSoraa.  Appro*i~t.ly  10*  carri-ra/-*  .r.  obtain¬ 
ed  in  either  typo  call  above  tbia  tonparature. 

3.  Efficiencies. 

T»te.i  phot.  P«— C.r.  of  .10.1.  gw,  aata.  «*I1I- gyWto -* 
Roiiiun  pboapbida  variable  gap  call*  are  given  in  Table  V.  Data 
vara  Jbteinedunder  100  nilliwatt  light  input  through  a  1-inch  HjO 
filter. 
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Typical  Moto  far— tore  of  Slagle  Gap,  Shallow  Galllaw 
phosphide  and  Deep  Galllaw  phosphide  Variable  Oaf 

Calla. 


Typo  ft  No* 

of  Call 

"'■Story" 

Sine 

History 

’o« 

Kff^ 

*1 

300  0.0. 

600*C-5  mo. 

.74 

14  .no 

6.0X 

•60v 

301  t.  6. 

600 *C -4  Min. 

.72 

17.  " 

7.51 

•54v 

409  g.  6. 

• 

• 

• 

i 

• 

i 

■ 

■ 

i 

540*C-10  Hln. 

.70 

14.  « 

6.151 

•50v 

304  f.  0. 

000*0-15  Atn-3  Hr  a. 

600 *C -4  Hln. 

.65 

19.  - 

5.51 

•41v 

396  V.  0. 

000*0-15  Ata-2  Ira. 

550*0-10  Hln. 

.72 

16.5" 

6.3X 

•47v 

409  V.  0. 

0OO*C-15  Ata-2  Hr  a. 

525*0-10  Nln. 

.60 

17.4 

6. IX 

•40V 

401  f.  0. 

900*C-20  Ata-50  Bra. 

550*0-10  Mia. 

•42 

3.3  " 

1.0X 

•35v 

402  f.  6. 

900*C-20  Ata-50  lira. 

550*0-10  Min. 

.65 

2.5  » 

1.01 

•44v 

It  la  alsnlflcaat  to  itato  that  too  (#304  and  #396)  of  tha  variable 
gap  calla  vara  larga  area  calla,  enhancing  accuracy  of  aessureoaota, 
and  wara  of  tha  a—  ordar  of  afflclaacy  aa  tha  single  gap  calla*  It 
la  cooaldarad  uaalaaa  to  apaculata  upon  tha  low  afflclcnclaa  of  tha 
daap  galllun  phoaphlda  calla  (#401  and  #402)  a  Inca  ao  faw  of  thla 
typa  have  baan  fabrlcatad  tbua  far.  Sowa  algnlflcant  data  haa  baan 
obtalnad  on  thla  typa,  howavat,  and  la  diacuaaad  aubaaquantly* 

Tha  I-V  cbaractarlatlc  can  ba  Informative  In  tha  raaln  of  conversion 
afflelaaclaa*  Typical  I-V  plots  for  alngla  gap  and  variable  gap 
calla  ara  given  in  Figure  7*  Currant  la  plotted  par  unit  area, 
allowing  valid  cowparlaon* 


0 


Tha  iImIi  gif  Mil  charaotorlatlM  itfrtn  ItttU 
la  netwl«i  and  latteatN  little  mlittM  of feet a. 


The  flat 
Tha  plot  of 

ttovarlablo  tip  oilHoio  indicate  mm  eertoe  natetaN  to  tha 
elope  of  the  high  0«Mt  region.  Thia  to  oonoidered  to  too  cowpoeit 
of  feet  of  ehoet  realetanM,  mi  bulk  realetanM  lotto  galllM  pbo- 
phlde  l^or,  produMd  by  tto  pciNieo  of  iateretitUlphoephorua.  k 
contributing  foetot  nay  well  be  the  high  relativity  (.OS  oha-M) 
•tort toe  notarial.  Tbo  fairly  good  efficiency  <6  poreoot)  of  thfto 
coll  appearo  encouraging  to  furttor  lnproveuent. 


4.  TnTrlTTT  ^tTactortotlco. 


Tbo  technigue  for  Manuring  foe.  etc.,  vereue  tewpereture  wee  re- 
ported  and  illeatratfd  to  detail  to  the  preview  report  W.  The 
roaulta  of  eeveral  ouch  toata  opoo  typical  cello  ag no  clooely  with 
toot  at  loo  dote  given  to  that  report,  and  are  ooMoriaod  m  follomt 

The  drop  to  with  toeroaaing  taaporotnro  giro  o  etroigfat  lino 
alopo  of  .00234  +  volta/'C  for  both  our  owe  oinglo  gap  Milo  and 
Mila  fabricated  olaooharo. 

Tha  drop  in  V*  with  toeroaaing  tonporoturo  of  variable  gap  Mila 
of  tha  lightly  dlffwed  apecloa  ia  regularly  leaa,  .00210  v/*C 
average,  figure  8  la  a  typical  plot  of  thle  factor.  The  I§c  voroua 
taoporaturo  coma  for  varlahlo  gap  Mila  uanally  ohow  a  wore  in¬ 
clined  rlao  than  for  atoglo  gap  Mila.  It  ia  conaidorod  thia  My 
ha  related  to  realdual,  interatitlel,  oloMntol  phoaphoruo  in  the 
lattlM.  which  ia  annoolod  out  during  tha  heating  proMoe  in  toot¬ 
ing.  Tentative  beat  treatnant  of  Mila  in  a  hydrogen  ataoaphere 
appaara  to  lncraaaa  alightly  initial  Ik  and  flatten  the  rlao  of 
Ite.  Further  evaluation  of  thia  point  ia  espected  aoon. 

Tha  drop  in  Bffm  verauo  tanpereture  of  the  lightly  diffuMd  apeciea 
of  variable  gap  Mila  la  naMurably  leaa.  but  only  by  a  anall  factor. 
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s.  Ola*  flaaggymi. 


Dick  Uok  data  la  woeful  la  aooeooing  Junction  quality  and  resistive 
effects.  Coawoly,  loth  variable  gap  aod  alsgla  gag  oalla  otUItt 
good  at tap  forward  current  alopaa,  iadleatlag  la  aiaaaa  of  «0  atilt- 
aapacoa  forward  eurraot  at  aaa  volt.  Seas  variable  gap  oalla,  although 
of  good  efficiency,  cofloet  resistive  affaeta  la  the  forward  eurraot 
alopa.  Gall  #996,  variable  gap,  Iff^  ■  6  percent,  la  euch  a  call, 
figure  9  Uluatrataa  lt'a  diode  eharaetorlatlca.  Alee  ahoaa  la  Gall 
#996  (variable  gap)  having  loo  forward  raalataaca,  aod  Call  #999 
(single  gap)  for  ’oaparlson.  There  throe  are  typical  of  all  oalla. 


«.  gpectral  Hipooh. 

Spectral  roapooao  la  regularly  oooltorad  in  cello.  The  reapoooa  of 
a  aarlae  of  alagla  gap  cella  with  Juactlooa  decreaalng  la  dopth  ahow 
the  expected  lacreaoe  la  abort  wavelength  roapooao.  Good  correlation 
la  noted  between  thio  blue  reapoaae  aod  diffusion  ochoduloa  and  Junc¬ 
tion  deptho.  figure  10  illuatratea  the  progreaaive  inereaaa  of  tea- 
ponae  in  the  600  to  600  ailllaicroa  region  of  a  oerleo  of  alagla  gap 
cello. 

It  la  of  interact  to  note  that  the  a  ingle  gap  cello,  although  having 
bored  reapoaae,  retain  the  high  responee  into  the  000  to  850  ailli- 
aicron  region.  6  characterietlc  of  the  ohalloo  galllua  phoephido 
variable  gap  cell  la  noted  in  the  peak  reapoaae  occurring  at  about 
700  ailllaicrone,  dropping  oignificantly  in  the  850  aillialeroo  region. 
A  dranatic  difference  la  noted  in  deep  galllua  phoephido  variable  gap 
cello,  with  e  pronounced  peak,  or  peaks,  occurring  in  the  600  to  600 
ailllaicroa  region,  and  a  sharply  defined  peak  at  850  ailliaicrona. 

figure  11  illuatratea  typical  reapoaae  curvca  of  the  two  typea. 

The  peek  observed  in  the  abort  wavelength  region  ia  closely  related 
to  the  band  edge  of  galllua  pboaphlde;  that  at  850  ailliaicrona  to 
the  band  edge  of  galllua  araenlda.  Thla  raaponao  la  aaelly  repro¬ 
ducible  in  the  deep  galllua  phosphide  cello,  varying  soaawhat  in 
anplltude.  it  la  conaldercd  elgnlflcant  as  a  aethod  of  aonltorlng 
the  contribution  of  current  froa  the  higher  band  gap  aaterlal. 

Zt  la  iaportant  to  note  that  the  response  at  850  ailliaicrons  supports 
strongly  tho  theory  of  the  high  band  gap  "window"  principle.  Thio 
aeeas  reasonable  since  the  galllua  phosphide  layer  is  known  to  be  in 
excess  of  10  alcrons  thick,  the  surface  concentration  is  known  to  be 
predominantly  galllua  phosphide,  and  the  Junction  is  known  to  be  at 
the  bottom  of  the  galllua  phosphide  layer.  The  aarkedly  sharp  peak  at 
850  ailliaicrona  supports  the  conclusion  that  the  "window"  transaltted 
this  order  of  wavelength  without  great  attenuation  or  absorption. 
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It  mtf  safely  bo  stated  that  tha  saapwrt  atwctw*  galllw 
phoephide-gallton  arsenide  with  totswdlata  this  laotiMaral  t»m« 
itiaa  ratlins  la  prodaoed  by  solid  atata  diffusion  of  phosphocne  lata 
gallton  arsenide  at  phosphorus  pressures  la  aaoaaa  of  •  *noapherea. 

Tha  diffusion  oomsoralon  rata  of  gallium  phosphide  fecaatloa  la 
pcoaaara  and  tanparafura  sensitive,  la  initially  aaca  rapid  by  ordara 
of  mqeltedo  thaa  elaaale  phoapharua  diffusion,  aad  la  extremely  ooa» 
lloaar.  gignlfleant  dapth  dlffecaocaa  bataaoa  tha  pollabod  aad  un- 
pollahad  alda  of  tha  aaaa  wafer  haw  boon  observed. 

Tha  dlffualoa  rata  of  sine  into  galllua  phosphlds-galim  araao- 
ldo  alloya  of  high  galllua  phoaphlda  coot  ant  to  slgalflcantly  foatar 
than  to  galllua  arsenide,  aid  to  aattootod  oa  groatar  by  ooo  or  taa 
ordara  of  aagnituda.  Tha  "window"  offact  of  tha  hlghar  band  gap  i*er 
to  valid,  aad  daaoaatratad  by  spactral  raopooaa  data  toeludad  la  thia 

report* 

Variabla  gap  caiia  of  ooa  apaeto  cao  ho  of  at  loast  oqual  efflc- 
lancy  as  tha  conventional  stoglo  gap  call,  sod  it  appaars  feaaibla 
to  product  good  afflctoncy  to  daapar  galllua  phosphlda  layars. 

Tha  tachnlqua  of  eiectro-atch-statolng  of  variabla  gap  or  atogla 
gap  caiia  provldas  a  vary  good,  non-destructive  daftoltloo  of  tha 

junction  and  galllua  phosphlda  layars* 

Varlsbla  gsp  calls  of  ona  spacto  exhibits  a  aaaaurabla,  although 
small,  advantags  to  high  tsaparatura  parformanca*  Purthar  advantaga 
appaars  llkaly  with  improved  tachnlquas,  aatarlsls,  and  control* 


rlbot&oa  from,  tha  higher  band  gap 


Tha  n— tarn  off  mi  com 
pomm  la  tte  vkUUi  gag  call  la  obaarmd  la  apactral  roapoaM  4at«. 

tka  oaataetlM  of  galllaa  phaaghlda  aurfaeaa  for  low  contact  ra- 
alataana.  otaleit^  ate.*  la  yoaelbla,  although  tha  praaaat  ayetaa 
of  oootaeta  may  ba  lagrovad,  aad  vill  bo  la  tha  aoxaal  couraa  of  tha 
lavaatlgatlM. 

Mo  call  daflaad  talatioo  haa  haan  obaarmd  hataaan  cryatal 
oriaatatloa  and  afficlaacy  aa  yat.  Thla  factor  nay  ba  obacurad  by 
othar  rarftablaa. 


It  is 


ildwd  that  future  studies  should  iacluds  tha  foiicwiagj 


(a) .  Pursuit  of  tha  deeper  Mill**  *»•£**•  M** *1? 
tha  objaet  of  prodoc  lac  a  call  co*lalag  good  efflcleecy,  to* 

rad  high  taaparatura  perfcmece  aod  demonstrative  aaort 
^langth raapoaaa  in  tha  400  to  600  nlliinioron  rsglonra- 

latad  to  tha  beededga  of  gaUJ*  JV! 

galliun  phoaphida  dapth  of  aoch  a  call  might  ba  2  to  5  niarooa. 

(b) .  Studies  of  control,  and  tachniqoa  of  dopjnt  dif fusion  ained  at 

producing  tha  jonctioo  in  tha  gallium  phoaphida  layer  or  halo* 
it,  rathar  than  tha  latter  only.  Thie  nay  prove  aapec lolly  la* 
port  ant  in  tha  shallow  galliun  phoaphida  typa  of  call, 

(c) ,  Tha  ahallow  apaciaa  of  call  should  ba  tasted,  with  loss  anphaala 

par  bap  a,  pending  batter  control  of  Junction  depth, 

<d).  Invest igat loo,  by  supplying  appropriate  •P«*a*n4?^1*|i*° JJ*"*1 
Corps  Parsooool,  of  radiation  resistance  and  similar  character¬ 
istics.  Tentative  discussion  and  delivery  of  a  apecinan  call 
was  node  toward  this  and  at  a  conference  in  Deeeafcer,  1961, 


(•). 


Studies  intended  to  evaluate  tbe  affect  of  annealing,  under 
hydrogen,  variable  gap  structures  to  allnlnate  any  interstitial 
alenental  phosphorus. 


(f). 


Evaluation  of  the  rata  of  increase  of  efficiency  with  increased 
light  intensity.  Sene  evidence  has  indicated  an  advantage  of  the 
variable  gap  calls  in  this  report,  which  would  bo  of  inport aoce 
in  solar  concentrator  applications. 


(I). 


Study  end  coapariaon  of  epitaxially  grown  gal  lit*  t  a  ***• 
in  which  no  diffusion  occurs,  and  tbe  currant  solid  state  diffusion 
typa  of  variable  gap  call. 


(h).  Studies  of  a  concurrent,  cumulative  nature  which  would  provide 
data  on  - 

Materials  paransters  relative  to  efficiency. 

Crystal  orientation  with  regard  to  gallium  phos¬ 
phide  conversion  rates  and/or  diffusion  rates  of 
sine. 

Optional  gallium  phosphide  concentration  and  dapth 
for  variable  gap  calls  as  ralsted  to  efficiency. 

Optimum  position  of  p-n  Junction  relative  to  efficiency. 
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